Hence, the chemopreventive effect of aloe was investigated following daily treatment with aloe (50 mg/mouse) were in vitro and in vivo by the measurement of BPDE-I-DNA quantitated by enzyme-linked immunosorbent assay using adduct formation. We also examined the effect of aloe on the monoclonal antibody 8E11. In this animal model, BPDEcellular and subcellular distribution of -7,t-8,t-9,c-10-tetrahydroxy-7,8,9,10-tetrahydrobenzo[a]pyrene was purchased from
To whom correspondence should be addressed of aloe is of interest since a number of polysaccharides have The antigenotoxic and chemopreventive effect of Aloe been studied for antitumorigenicity (9, 10) . Thus, aloe is worthy barbadensis Miller (polysaccharide fraction) on benzo[a]-of investigation as a chemopreventive agent.
pyrene (B[a]P)-DNA adducts was investigated in vitro and
In this study, benzo[a]pyrene diol epoxide I (BPDE-I*)-in vivo. Aloe showed a time-course and dose-dependent DNA adducts were used as a biomarker for the chemopreveninhibition of [ 3 
H]B[a]P-DNA adduct formation in primary
tive effect of aloe because covalent binding of a chemical rat hepatocytes (1ϫ10 6 
cells/ml) treated with [ 3 H]B[a]P
carcinogen to DNA is a critical step in the initiation of (4 nmol/ml). At concentrations of 0.4-250 µg/ml aloe, the chemical carcinogenesis (11, 12) and the tumorigenic activity binding of [ 3 H]B[a]P metabolites to rat hepatocyte DNA of benzo [a] pyrene (B[a]P) is correlated with its ability to form was inhibited by 9.1-47.9%. Also, in rat hepatocytes cul-DNA adducts (13, 14) . Many experimental and epidemiological tured for 3-48 h with aloe (250 µg/ml) and [ 3 
H]B[a]P
studies show that certain antioxidants can reduce cancer risk (4 nmol/ml), [ Chlorophyllin has been shown to inhibit carcinogen-DNA
After a single oral administration of B[a]P to male ICR
binding by molecular complex formation in the gut and reduced mice (10 mg/mouse), benzo[a]pyrene diol epoxide I (BPDEcarcinogen uptake (15) .
I)-DNA adduct formation and persistence for 16 days
Hence, the chemopreventive effect of aloe was investigated following daily treatment with aloe (50 mg/mouse) were in vitro and in vivo by the measurement of BPDE-I-DNA quantitated by enzyme-linked immunosorbent assay using adduct formation. We also examined the effect of aloe on the monoclonal antibody 8E11. In this animal model, BPDEcellular and subcellular distribution of [ with aloe (u). The amount of DNA was determined by UV absorbance at 260 nm (19). The A 260 /A 280 ratio of the DNA was between 1.8 and 1.9 in all samples. The radioactivity was measured by liquid scintillation counting (LKB 1215 daily treatment with aloe (10 mg/mouse/day per os) for 16 days; group 5, Rackbeta; Pharmacia) and the modification level was estimated as pmol pretreatment with aloe (10 mg/mouse/ day per os) for 16 days, followed by were dissected out, washed with ice-cold saline, frozen in a deepfreezer and (4 nmol/ml) was added. After a 24 h incubation, the cells were detached with stored at -80°C until used. 0.25% trypsin and DNA was extracted as described in detail above.
Isolation and purification of DNA Cellular and subcellular distribution of [ 3 H]B[a]P metabolites
DNA was isolated and purified as described by Lee and Santella (23). Organ The cellular and subcellular distributions of w/w) was added and the mixture stirred at room temperature for 30 min. The the medium was separated from the cell pellet and the cells were washed mixture was then centrifuged at 20 000 g for 30 min. DNA was precipitated three times with PBS by centrifugation at 3000 g for 10 min. The cell pellets from the upper aqueous phase by adding 2 vol. 95% ethanol containing 2% were resuspended in lysis buffer and sonicated for 30 s. Aloe polysaccharide potassium acetate. The precipitated DNA was removed by centrifugation and/ was precipitated by the addition of 10 ml cold ethanol to the separated or spooled out into a glass rod and dissolved in PBS. The solution was medium and washed three times with ethanol by centrifugation at 10 000 g incubated at 37°C with 10 µg/ml RNase which had been heat treated at 80°C for 10 min. Aloe polysaccharide was dissolved in PBS and the cellular and for 10 min to inactivate DNase. The sample was then incubated with 20 µg/ subcellular levels of total [ 3 H]B[a]P metabolites were counted in both fractions ml proteinase K for 1 h at 37°C. a]P (4 nmol/ml) with or without aloe (0.4, 2, 10, 50 or monoclonal antibody 8E11 (24). Polystyrene U-bottom microplates were 250 µg/ml) were incubated at 37°C for 24 h as described above. The cell coated with 50 ng BPDE-I-BSA in 100 µl 0.1 M sodium carbonate, pH 9.6, lysates and medium were extracted with ethyl acetate:acetone (3ϫ10 ml, 2:1 at 4°C overnight. The plates were washed with 200 µl PBS/0.05% Tween and v/v). The organic phase was dehydrated with anhydrous MgSO 4 , dried under plate washing was repeated after each incubation. Non-specific binding to the N 2 and redissolved in 0.25 ml methanol. Samples were analyzed by HPLC plate was minimized by incubating the plates with 200 µl/well 1% fetal calf using a Waters LC Module 1 system and a Supelcosil LC-18 5 µm ODS serum in PBS/Tween for 1 h. The purified DNA sample (110 µl) from treated column with elution with a linear gradient of 60-100% methanol at a flow of animal tissue and an equal volume of 8E11 monoclonal antibody (1:10 4 1 ml/min for 50 min. The eluent was monitored at 254 nm. dilution) were mixed well and 100 µl of the mixture were added to each of duplicate wells. After a 1.5 h incubation at 37.5°C, the plates were washed Treatment of the animals and goat anti-mouse IgG alkaline phosphatase (diluted 1:500, 100 µl) was Male ICR mice aged 6-7 weeks, purchased from the National Institute of then added to each well. The plates were incubated for 1.5 h. After washing Safety Research, Laboratory Animal Center (Seoul, Korea), were quarantined the plates with PBS/0.05% Tween, 100 µl p-nitrophenyl phosphate (1 mg/ml for 2 weeks. All animals were housed in polycarbonate cages (6 animals/ in 1 M diethanolamine, pH 8.6) were added to each well. The plates were cage) at 20 Ϯ 2°C, 50 Ϯ 5% humidity and on a 12 h light/dark cycle. A total incubated for 30 min and the color development at 405 nm was read on a of 90 mice were assigned to five treatment groups (18 mice/group) as indicated Titertek Multiskan MCC/340 (Flow Laboratories). in (Table II) I-DNA adducts was significantly reduced compared with animals treated with B[a]P alone and disappeared rapidly. Cytochrome P450 content and glutathione S-transferase Moreover, BPDE-I-DNA adducts in the forestomach and activity kidney were significantly inhibited by 56-60 and 25-50% respectively when compared with group 3 animals 2 days after Cytochrome P450 content and GST activity were examined in the tissues (liver, kidney, forestomach, lung and spleen) of B[a]P treatment. The highest levels of BPDE-I-DNA adducts were formed in the liver and forestomach 2 days after B[a]P male ICR mice. Cytochrome P450 content was unaffected by aloe and significantly increased only in the liver (P Ͻ 0.05) treatment, but only 1 day after treatment in the kidney and lung. The peak was not affected by aloe treatment. The 1 day after a single treatment with B[a]P and gradually decreased thereafter (Table III) . Other organs (kidney, foreinhibitory effect of aloe on the level of BPDE-I-DNA adducts was greater in animals of group 5, which were pretreated with stomach and lung) showed two to three times lower levels of cytochrome P450 than the liver (data not shown). In the aloe for 16 days, in addition to the 16 day post-treatment used in group 4.
case of spleen, where BPDE-I-DNA adduct formation was Figure 1) . a Values are mean Ϯ SD of duplicate determinations on each of three animals. b Significantly different from the control groups (P Ͻ 0.05). negligible, cytochrome P450 content was~20-fold lower than been suggested that the inhibition of DNA adduct formation in the liver (data not shown). GST activity was slightly may play an important role in cancer chemoprevention. In this increased in all tissues after administration of B[a]P or coin vitro study we found that aloe was able to trap B[a]P and administration of aloe and B[a]P, although a statistically reduce its cellular uptake. On the basis of these results, it has significant effect was observed only in the liver (Table IV) .
been suggested that inhibition of B[a]P-DNA adduct formation Both aloe and B[a]P increased GST activity. GST activity might also represent inhibition of B[a]P absorption into the peaked 2 days after a single treatment with B[a]P (groups 3-5).
body. The inhibition of carcinogen binding to DNA may result from one or more mechanisms, such as inhibition of metabolic Discussion activation, induction of detoxification and/or electrophilic/ radical scavenging via a direct inhibitory interaction with The most frequently studied antigenotoxic and chemoprevenreactive carcinogens. Ellagic acid, a phenolic component of tive agents are natural plant products, such as sulfur-containing fruits and vegetables, is effective in inhibition of DNA adduct phenolics, indoles and flavonoids. Chemopreventive effects of formation by inactivating B[a]P in vitro and in vivo (32) (33) (34) . these compounds have been related to the induction of GST Shah and Bhattacharya (35) also observed that flavonoids activity or to the inhibition of DNA adduct formation by inhibited B[a]P-DNA adduct formation in vitro. Flavonoids complex mechanisms (3, (29) (30) (31) . Moreover, chemopreventive are potent inhibitors of DNA adduct formation in the epidermis agents may act to inhibit either the inhibition or the promotion and in organ culture. When curcumin was given during the phase of the process of carcinogenesis (2, 3) . Recently, many initiation or post-initiation period, B[a]P-induced forestomach candidate chemicals have been assayed to identify novel tumorigenesis was inhibited in mice, which might be related compounds.
to inhibition of B[a]P-DNA adduct formation (37-39). Polysaccharides are given to cancer patients in consideration
In this study, B[a]P-DNA adducts were significantly inhibof their direct cytotoxic effects on cancer cells and indirect ited by aloe when B[a]P was administered to ICR mice and improvements in immune surveillance (9, 10) . Aloe barbadensis rat hepatocytes. When the administration period was doubled Miller is a good source of polysaccharides and a candidate by 16 days of pretreatment with aloe to ICR mice, the levels chemopreventive agent. However, the potential of polysacchaof BPDE-I-DNA adducts were markedly decreased in the rides as novel chemopreventive agents has not been tested.
forestomach and kidney. However, the selective localization Therefore, in the present study we examined the effects of of DNA adducts in different organs may depend on several aloe polysaccharides on inhibition of formation of B[a]Pfactors, including metabolic rate, efficiency of DNA repair DNA adducts in vitro and in vivo.
and cell proliferation. GST is one of the major enzyme systems Many chemical carcinogens, including B[a]P, undergo metaresponsible for detoxification of carcinogens. Thus, GST bolic conversion to ultimate carcinogens or inactive metabolites inducers may be considered potential inhibitors of carcinogenand the covalent binding of B[a]P to DNA is considered a critical step in the initiation stage (11, 12) . Therefore, it has esis. In this study, aloe showed a slight induction of GST
